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FIELD OF THE INVENTION 
The present invention relates generally to wireless communications systems and more 
particularly to a method for increasing the capacity of a Code Division Multiple Access (CDMA) 
network. 

5 

BACKOROT JN D OF THE INVENTION 
A CDMA cellular network is a digital spread spectrum communications system. The 
CDMA network includes several base stations each providing digital service to mobile units 
located in different geographical regions. Communication between a mobile unit and a base 
10 station in a CDMA network occurs on reverse and forward CDMA channels. The reverse 
channel is a mobile unit-to-base station direction of communication that carries traffic and 
signaling information. The forward channel is a base station-to-mobile unit direction of 
communication that carries pilot, sync, and paging signals in addition to traffic signals. 
CDMA networks are deployed differently from analog and other digital networks. 
2 1 5 CDMA networks are typically deployed with the ability to operate at only one frequency because 
additional frequencies, though possible, require additional hardware. To increase coverage area, 
conventional CDMA networks use one common frequency transmission and soft handoff 
mechanisms. This results in approximately a 3-4 dB advantage in the transmission channel 
budget, and thus, a larger cell site size for deployment purposes. 
20 Handoffs typically occur when mobile or portable units traverse the cell sites of the 

network. A "soft handoff* is when the mobile unit begins communication with a new base 
station on the same CDMA frequency assignment before terminating communication with the 
old base station. A "hard handoff," on the other hand, is characterized by a temporary 
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disconnection of the mobile unit's Traffic Channel. Hard handoffs occur, for example, when the 
CDMA frequency assignment changes or when the mobile unit is directed from a CDMA Traffic 
Channel to an analog voice channel. 

The capacity of a CDMA network is a complex function of the handoff condition of the 
5 network, the propagation environment, and the loading of the surrounding cell sites. In a typical 
CDMA network, the capacity on the reverse channel is limited by interference from mobile units 
operating in other cell sites. This cuts the capacity on the reverse channel by about 30 to 40% in 
a typical propagation environment with a pathloss exponent of 3.5 to 4. The reduction in 
q capacity on the reverse channel is measured in terms of a frequency reuse factor. Fig. 1 is a 
i:fi 10 graph of the frequency reuse factor as a function of the pathloss exponent in a CDMA network 

deployed at a single frequency. 
. ^ In some circumstances, intracell interference significantly reduces the capacity of the 

□ CDMA network, especially when the propagation coefficient is very low (i.e., pathloss exponents 
rU of 1 or 2, which equates to 10 or 20 dB reductions in signal strength per decade change in 
U 1 5 distance). In these circumstances, a majority of the signal received at the base station is a result 

y 

of interference from other cell sites. This limits the capacity of the CDMA network. 

The maximum reverse channel capacity, or pole capacity, is a function of many CDMA 
parameters and can be expressed approximately by 
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where N represents the number of users, W is the signal bandwidth (e.g., 1.23 MHz), R is the 
information rate (e.g., 9.6 kbps or 14.4 kbps for Rate Set I or Rate Set II), E^N, is the received 
signal relative to the noise level (typically 7 dB), d is the voice activity factor, F is the frequency 
reuse factor (i.e., the ratio of in-band to out-of-band interference), and G is the sectorization gain 
5 (e.g. , 2.55 for a 1 20 degree antenna). 

A typical set of parameters, where d = 40%, R = 9.6 kbps, and F = 0.6, results in 38 
channels per frequency channel (1.23 MHz). CDMA networks typically operate at 50% reverse 
channel capacity, which means that the network realizes approximately 19 traffic channels per 
n carrier. 

M 10 The frequency reuse factor (F) is defined as 

Intracell Interference 



F ~ — (2) 

Intracell Interference + Intercell Interference 



p 15 Intracell Interference represents interference caused by mobile units operating within the cell site, 

y 

y and Intercell Interference represents interference caused by mobile units operating within other 
3 cell sites. Intercell Interference detracts from the usable capacity of the network, and must be 
reduced to increase the frequency reuse factor to its theoretical maximum of unity. 

Today, CDMA network operators are granted a greater frequency bandwidth than actually 
20 used to deploy the CDMA network. However, these operators continue to deploy a single 
frequency and use the benefits of soft handoffs to improve call quality. Soft handoffs are 
typically employed for two reasons: (1) to increase coverage, and (2) to improve the handoff 
process. Where the cell sites are capacity limited, such as in high traffic areas, however, there is 
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a reduced need for the advantages of soft handoff. As a result, the CDMA networks continue to 
have limited capacity. 

Therefore, a need exists to increase the capacity of the CDMA networks deployed at a 
single frequency. 

5 

SUMMARY OF THF TMVF NT m N 
Systems and methods consistent with the principles of the present invention address this 

need by taking advantage of the additional available frequencies and utilizing hard handoff 
q mechanisms to increase the capacity of individual sectors and cell sites. 
J 10 In accordance with the purpose of the invention as embodied and broadly described 

' « herein, the system consistent with the principles of the present invention increases the capacity of 
J a CDMA network having a plurality of cell sites. The system defines a pool of frequencies 
;j available for assignment, and assigns one of the available frequencies to each of the cell sites so 
y as to minimize the number of neighboring cell sites assigned a same one of the available 
^ 1 5 frequencies. By deploying different frequencies in the cell sites, the amount of interference 

caused by neighboring cell sites reduces. As a result, the capacity of each of the cell sites 

operating at a single frequency can be increased, so long as there remains sufficient power to 

reach the mobile units operating within the cell site. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
The accompanying drawings, which are incorporated in and constitute a part of this 
specification, illustrate an embodiment of the invention and, together with the description, 
explain the objects, advantages, and principles of the invention. In the drawings, 

Fig. 1 is a graph of the frequency reuse factor as a function of the pathloss exponent 
obtained by considering a hexagonal arrangement of cell sites in a CDMA network deployed at a 
single frequency; 

Figs. 2A and 2B are a flowchart of a method of increasing the capacity of a CDMA 
network in a manner consistent with the principles of the present invention; 

Fig. 3 is a diagram of an extension of effective cell site coverage occurring as a result of 

1 y deploying different frequencies in a manner consistent with the principles of the present 

2 invention; 

Q Fi g- 4 is a diagram showing an example in which a mobile or portable unit moves 

fy between cell sites operating at different frequencies; 

2 15 Fig. 5 is a graph of the frequency reuse factor as a function of the pathloss exponent and 

the number of deployed frequencies in a CDMA network consistent with the principles of the 
present invention; 

Fig. 6 is a diagram of an example of a frequency plan having two deployed frequencies; 
Fig. 7 is a diagram of an example of a frequency plan having four deployed frequencies; 

20 and 

Fig. 8 is a diagram of an example of a frequency plan having six deployed frequencies. 
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DETAI LED DESCRIPTION OF THF. PR F.FERRRD FMRODTMF>Jj <; 
The following detailed description of the invention refers to the accompanying drawings 
The description includes exemplary embodiments, other embodiments are possible, and changes 
may be made to the embodiments described without departing from the spirit and scope of the 
5 invention. The following detailed description does not limit the invention. Instead, the scope of 
the invention is defined by the appended claims. 

Over the last several years, the hard handoff feature of CDMA has dramatically improved 
due to the increased need to be able to handoff to other CDMA operators at the borders of the 
□ CDMA network, and due to cases where the CDMA network operates at multiple layered 
mO frequencies to reduce the interference between newly deployed networks and incumbent 
microwave operators. 

Systems and methods consistent with the principles of the present invention increase the 
G capacity of CDMA networks by deploying adjacent cell sites at different frequencies, and using 
m hard handoff mechanisms between the cell sites, if necessary, as a mobile or portable unit travels 
^ 1 5 across the network. 

y 

Figs. 2A and 2B are a flowchart of a method of increasing the capacity of a CDMA 
network in a manner consistent with the principles of the present invention. The method is 
executed by a computer system, such as a personal computer or a larger main frame computer. 
The computer system operates on a simulated CDMA network to increase its capacity for use in a 
20 real CDMA network deployment. While systems and methods consistent with the principles of 
the present invention will be described as increasing the capacity of a simulated CDMA network 
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for deployment of a real CDMA network, the systems and methods could also be used as a 
network manager to dynamically update an existing CDMA network. 

The computer system begins the method by defining the CDMA network coverage area 
[step 2110]. Defining the CDMA network coverage area includes identifying the cell sites, 
5 including CDMA border and beacon cell sites, spreading CDMA traffic, and setting CDMA 
parameters. Spreading the CDMA traffic entails designating a traffic map for the network so as 
to distribute the anticipated CDMA network traffic across the best serving areas of all of the cell 
sites and sectors. The CDMA parameters include power settings for all of the channels, antenna 
gain, cable loss, handoff thresholds, etc. 

Ft 

: : z 

;pl 0 Once the CDMA network coverage area is defined, the pool of available frequencies is 

V defined [step 2120]. The number of frequencies in the frequency pool is user-selected. Afier the 
J available frequency pool has been defined, the system assigns each cell site a single frequency 
3 from the frequency pool. The system does this by selecting a cell site for assignment [step 2130], 
y and determining whether the cell sites neighboring the selected cell site have already been 
31 5 assigned frequencies [step 2 1 40] . If none of the neighbor cell sites have been assigned 

frequencies, the system assigns a frequency from the frequency pool to the selected ceil site [step 
2150]. This assignment might be made by randomly selecting a frequency from the pool of 
available frequencies. 

If some of the neighbor cell sites have already been assigned frequencies, the system 
20 determines what frequencies have been assigned to these neighbor cell sites [step 2 1 60] . Based 
on this determination, the number of frequencies available from the frequency pool, the pathloss, 
the traffic environment, etc., the system assigns a frequency to the selected cell site [step 2170]. 
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The system assigns this frequency so as to minimize the number of neighbor cell sites that are 
assigned the same frequency. 

Once the selected cell site is assigned a frequency, the system determines whether all of 
the cell sites in the CDMA network have been assigned frequencies [step 2210] (Fig. 2B). If 
5 some of the cell sites have not been assigned frequencies, the system returns to step 2130 where 
it selects the next cell site for frequency assignment. If all of the cell sites have been assigned 
frequencies, however, the system measures the amount of interference occurring at each cell site 
caused by neighbor cell sites that operate at the same frequency [step 2220], 

Based on whether the amount of interference caused by neighbor cell sites is acceptable, 

1 0 maybe based on comparison to a predetermined threshold, the system determines whether the 
pool of available frequencies should be increased [step 2230]. If the frequency pool should be 
increased, the system returns to step 2 120 where the user redefines the pool of available 
frequencies. If the frequency pool is not to be increased, the frequency assignment is determined 
to be acceptable and the method ends. 

1 5 By using different frequencies in a manner consistent with the principles of the present 

invention, the effective coverage of a cell site can be extended. Fig. 3 is a diagram of the 
extension of effective coverage occurring as a result of deploying different frequencies consistent 
with the principles of the present invention. The larger "discs" 3100, 3200, and 3300 represent 
cell sites operating at similar frequencies. 

20 The frequency and placement, according to principles of the present invention, are such 

that hard handoff mechanisms are used to traverse between cell sites. Fig. 4 is a diagram 
showing an example in which a mobile or portable unit moves between cell sites operating at 
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different frequencies. Fig. 4 shows three cell sites 41 10, 4120, and 4130, and mobile unit 4200 
originally located in cell site 41 10. Cell sites 41 10 and 4130 operate at frequency Fl. Cell site 
4120, located between cell sites 41 10 and 4130, operates at frequency F2. 

As mobile unit 4200 traverses cell site 4 1 20 on its way to cell site 4130, one of two things 
5 can occur. If the signals from cell sites 4 1 1 0 and 4 1 30 are sufficiently strong, mobile unit 4200 
performs a soft handoff from frequency Fl used by cell site 41 10 to frequency Fl used by cell 
site 4130 without having to perform a hard handoff to frequency F2 used by cell site 4120. If, 
however, the signals from cell sites 41 10 and 41 30 are not strong, mobile unit 4200 performs a 
hard handoff from frequency Fl used by cell site 41 10 to frequency F2 used by cell site 4120. If 

10 this occurs, mobile unit 4200 also performs a hard handoff to frequency Fl used by cell site 4130 
after mobile unit 4200 enters cell site 4130. 

Thus, a mobile or portable unit traversing the network can perform a soft handoff 
between cell sites operating at the same frequency or a hard handoff to a neighboring cell site 
operating at a different frequency. 

1 5 By increasing the pool of frequencies available for assignment, as described above, the 

amount of interference between cell sites reduces and the capacity on the deployed frequencies 
increases. Fig. 5 is a graph of the frequency reuse factor as a function of the pathloss exponent 
and the number of deployed frequencies in a CDMA network consistent with the principles of the 
present invention. Line 1 represents a frequency pool including a single frequency, similar to the 

20 graph shown in Fig. 1 , line 2 represents a frequency pool having two frequencies, line 3 
represents a frequency pool having four frequencies, and line 4 represents a frequency pool 
including six frequencies. 
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When a single frequency is deployed (line 1 ), the frequency reuse factor for a low 
pathloss exponent of 2, for example, can be as low as 20 to 30%, depending on shadowing and 
the specific handoff parameter settings. This means that most of the potentially usable signal at 
the base station receiver is actually interference from mobile units in other cell sites rather than 
5 signals from within the same cell site. By doubling the frequency pool (line 2), the cell site 
capacity increases by approximately 75% for a pathloss exponent of 2. Further increasing the 
frequency pool to four (line 3) or six (line 4) frequencies increases the cell site capacity for a 
pathloss exponent of 2 by approximately 180 to 220%, respectively. 
3 The benefits may not be as dramatic at higher pathloss exponent values. For example, for 

1 1 0 a pathloss exponent of 4, the frequency reuse factor for a single deployed frequency is 
j approximately 65 to 70%. When two, four, or six frequencies are deployed, the cell site capacity 
j increases by approximately 25 to 45%, respectively. 

I Figs. 6 through 8 are diagrams of frequency plans having two, four, and six deployed 

I frequencies, respectively. These figures show the hexagonal arrangement of cell sites operating 
U 5 at a similar frequency for two frequencies (Fig. 6), four frequencies (Fig. 7), and six frequencies 
(Fig. 8). 

Systems and methods consistent with the principles of the present invention increase cell 
site capacity in a CDMA network by deploying multiple frequencies and utilizing hard handoff 
mechanisms between cell sites. 
20 The systems and methods consistent with the principles of the present invention are 

applicable to both forward and reverse CDMA channels, and find maximum benefit in 
microcellular scenarios where the pathloss exponent is low and there is sufficient traffic to 

10 
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warrant the deployment of additional frequencies, and where frequency resources are not an 
issue, such as at Personal Communications Services (PCS) frequencies. 

The foregoing description of preferred embodiments of the present invention provides 
illustration and description, but is not intended to be exhaustive or to limit the invention to the 
5 precise form disclosed. Modifications and variations are possible in light of the above teachings 
or may be acquired from practice of the invention. The scope of the invention is defined by the 
claims and their equivalents. 
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